This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 



TEXT CUT OFF AT TOP, BOTTOM OR SIDES 



FADED TEXT 



ILLEGIBLE TEXT 



SKEWED/SLANTED IMAGES 



COLORED PHOTOS 



BLACK OR VERY BLACK AND WHITE DARK PHOTOS 



GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
Please do not report the images to the 
Image Problem Mailbox. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
H04L 12/44, 29/08 



Al 



(11) International Publication Number: ^ — WO^>cVl 1696 
(43) International Publication Date: ( 19 March 1998 (19.03.98) 



(21) International Application Number: PCT/US97/06888 

(22) International llting Date: 22 April 1997 (22.04.97) 



(30) Priority Data: 
08/713,489 



13 September 1996 (13.09.96) US 



(71) Applicant: ADVANCED MICRO DEVICES, INC. [US/US}; 

One AMD Place, Mail Stop 68. Sunnyvale, CA 94088-3453 

(US). 

(72) Inventors: RUNALDUE, Thomas, Jefferson; 3701 Blackford 

Avenue, San Jose. CA 95117 (US). KADAMBI, Jayant, 
1775 Milmont Drive #BI07, Milpitas, CA 95035 (US). 

(74) Agent: ZAHRT. William, D., II.; Advanced Micro Devices, 
Inc.. One AMD Place, Mail Stop 68, Sunnyvale, CA 94088- 
3453 (US). 




(81) Designated States: IP. KR. EuTc^Je^n-pafSfrrXfT BE, CH, DE, 
DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL. PT, SE). 



Published 

With international search report. 



(54) Title: A METHOD AND SYSTEM FOR REDUCING THE PON COUNT REQUIRED FOR THE INTERCONNECTIONS OF 
CONTROLLER DEVICES AND PHYSICAL DEVICES IN A NETWORK 



200 



100— GPSI 



100— 



GPSI 



100 — 



GPSI 



100— GPSI 



202 

JL- 



M 

U 
L 
T 
I 
P 
L 
E 
X 
E 
R 



BUFFER}- 206 



BUFFER h-206 



BUFFER —206 



BUFFER —206 



(57) Abstract 

The present invention comprises a sys- 
tem and method for reducing the pin count 
between a plurality of MAC and PHY de- 
vices within a switching element. In this em- 
bodiment, the switching element includes a 
plurality of general serial interfaces for pro- 
viding connections between respective MAC 
and PHY devices and each of the plurality 
of general serial interfaces operates at a first 
data rate. The system and method comprises 
a multiplexer coupled to the plurality of gen- 
eral serial interfaces and a pad member in- 
cluding a plurality of pins. The pad mem- 
ber is coupled to the multiplexer and receives 
multiplexed signals from the plurality of gen- 
eral serial interfaces. The multiplexer oper- 
ates at a second data rate that is a multiple of 
the first data rate. Generally, a system and 
method in accordance with the present inven- 
tion allows for the multiplexing of a general 
purpose serial interface (GPSI) to reduce the 

pin count in some cases by as much as 75 1 ' 

% and also synchronize the MAC/PHY in- 
terface. In this example, the multiplexer in- 
terface uses a total of 7 pins and supports a 
total of four MAC7PHY connections. If only 
GPS Is were utilized, 28 pins would be re- 
quired for this function. The same multiplexing technique will also reduce the MAC/PI IY interface in four 100Mbps connections from 56 
pins for a four port system to 18 pins. In each example the multiplexer interface will operate at four times the speed of the general serial 
interface. 
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A METHOD AND SYSTEM FOR REDUCING THE PIN COUNT 
REQUIRED FOR THE INTERCONNECTIONS OF CONTROLLER 
DEVICES AND PHYSICAL DEVICES IN A NETWORK 

TECHNICAL FIELD 

The present invention relates generally to networks and more particularly to a 
system and method for reducing the pin count for interconnections within such a network. 
BACKGROUND OF THE INVENTION 

Ethernet switches arc multi-port devices that arc utilized in networks. The switches 
provide connections to several clients simultaneously. Each of the switches typically 
include Media Access Controller (MAC) devices that interface with Physical (PHY) 
devices. Typically, these devices require a specified number of pins to interface one MAC 
device with one PHY device. In addition, as the overall speed of the network increases 
generally the number of pins required for the interfaces also increases. Both of these 
factors generally increase the cost of the resultant switch. To illustrate these problems with 
an example, refer now to Figure 1 in conjunction with the following discussion. 

Figure 1 is a block diagram of a six (6) port Ethernet switch 1 0. The switch 10 
comprises a switch fabric 12, six IEEE 802.3 Media Access Control (MAC) devices 14 
and six individual Physical (PHY) devices 16. Each PHY device as is seen is connected to 
a station 18. Each MAC device 14 connects to a corresponding PHY device 16 using 
several electrical connections. Typically, 10 Mbps MAC/PHY connections require 7 pins 
and 100Mbps MAC/PHY connections require 1 8 pins. Current generations of switch 
devices generally provide separate silicon pieces for the MAC and the PHY. As silicon 
processes improve, both the MAC functions and the PHY functions become integrated, 
often resulting in a single piece of silicon containing multiple (e.g., 4) MACs and multiple 
PHYs(c.g.,4). 
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As shown in Figure 1 , when multiple MAC devices 1 4 need to be connected to 
multiple PHY devices 16, a separate serial interface 20 is required for every MAC/PHY 
connection. Therefore, as the total number of device pairs increases or as the integration 
of PHY devices and MAC devices increases, the total pin count grows linearly. For 
example, a 10 Mbps quad physical layer device connected to a quad 1 0 Mbps MAC device 
will require a total of 28 pins and octal devices will require 56 pins. For 100 Mbps 
connections, the problem increases dramatically, a quad 1 00Mbps MAC/PHY interconnect 
will require a total of 72 pins and octal devices will require 144 pins. Increasing the pin 
count generally increases the package size, resulting in an increase in silicon and system 
cost, Therefore, it is beneficial to provide a method and system to reduce the number of 
total pins required for highly integrated MAC/PHY devices. 

Accordingly, what is needed is a method and system that allows for a reduced pin 
count for the MAC/PHY connections in conventional networks as well as when network 
speeds increase. The system and method should be cost effective, easily implemented and 
compatible with existing network architectures.The present invention addresses such a 
need. 

SUMMARY 

The present invention comprises a system and method for reducing the pin count 
between a plurality of MAC and PHY devices within a switching element. In this 
embodiment, the switching element includes a plurality of general serial interfaces for 
providing connections between respective MAC and PHY devices and each of the plurality 
of general serial interfaces operates at a first data rate. The system and method comprises 
a multiplexer coupled to the plurality of general serial interfaces and a pad member 
including a plurality of pins. The pad member is coupled to the multiplexer and receives 
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multiplexed signals from the plurality of general serial interfaces. The multiplexer operates 
at a second data rate that is a multiple of the first data rate. 

Generally, a system and method in accordance with the present invention allows for 
the multiplexing of a general purpose serial interface (GPSI) to reduce the pin count in 
some cases by as much as 75% and also synchronize the MAC/PHY interface. In this 
example, the multiplexer interface uses a total of 7 pins and supports a total of four 
MAC/PHY connections. If only GPSIs were utilized, 28 pins would be required for this 
function. The same multiplexing technique will also reduce the MAC/PHY interface in 
four 1 00Mbps connections from 56 pins for a four port system to 18 pins. In each 
example, the multiplexer interface will operate at four times the speed of the general serial 
interface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a six (6) port Ethernet switch. 

Figure 2 is a block diagram of prior art General Purpose Serial Interface (GPSI) 
which is utilized for MAC/PHY interconnections. 

Figure 3 illustrates the multiplexer interface signals in accordance with the present 
invention. 

Figure 4 is a block diagram of the multiplexer interface in accordance with the 
present invention. 

Figure 5 shows the signal timing for multiplexed interface of Figures 3 and 4. 
DETAILED DESCRIPTION 

The present invention relates to an improvement in the MAQPHY interface in a 
network. The following description is presented to enable one of ordinary skill in the art 
to make and use the invention and is provided in the context of a patent application and its 
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requirements. Various modifications to the preferred embodiment will be readily apparent 
to those skilled in the art and the generic principles herein may be applied to other 
embodiments. Thus, the present invention is not intended to be limited to the embodiment 
shown but is to be accorded the widest scope consistent with the principles and features 
described herein. 

Figure 2 is a block diagram of prior art General Purpose Serial Interface (GPS1) 
1 00 which is utilized for MAC/PHY interconnections. Each of the connections between 
MAC devices and PHY devices uses a (in this embodiment 1 0 Mbps) General Purpose 
Serial Interface (GPSI). The GPS1 interface 100 in a preferred embodiment uses a total of 
7 pins (TXCLK, TXDATA, TXEN, RXCLK, RXDATA, CRS and COL). TXCLK, 
TXEN and TXDATA are used to transfer serial Non Return to Zero (NRZ) data from the 
MAC to the PHY. When TXEN enable is valid, serial data is transferred synchronously 
with TXCLK. TXCLK is being sourccd from the PHY to the MAC and is constantly 
running. RXCLK and RXDATA transfer data from the PHY to the MAC. Each pin is 
explained in some detail below. 

TXCLK: This is an input from the PHY to the MAC and is a clock signal (typically 
10 Mbps) that is synchronized to the network rate. It is always active. 

TXDATA: This is an output from the MAC to the PHY and consists of 100Mbps NRZ 
data to be transmitted onto the network. It is synchronous with TXCLK. 

TXEN: This is an output from the MAC to the PHY and is a control signal that 

when valid indicates that the data on the TXDATA lines is valid data to be transmitted 
onto the network. 



COL: This is an input from the PHY to the MAC that indicates that the PHY has 
detected a collision on the medium. COL is a signal that is used by all Ethernet M ACs as 



WO 98/11696 
part of their IEEE 802.3 functions. 



PCT/US97/06888 



CRS: This is an input from the PHY to the MAC that indicates that the PHY has 
detected transmit or receive activity on the medium. CRS is a signal that is used by all 
Ethernet MACs as part of their IEEE 802.3 functions. 

RXDATA: This is an input from the PHY to the MAC that provides NRZ data 
(typically 10 Mbps) received from the network. It is synchronous with RXCLK. 

RXCLK: This is an input from the PHY to the MAC that provides a 1 0 Mbps 
reference clock that is used to latch incoming network data. RXCLK and TXCLK arc 
asynchronous and RXCLK is only valid when RXDATA is valid. At times when there is 
no network data incoming, RXCLK is not running. 

Although this interface operates adequately in some network environments as 
networks becomes faster the pin count increases. For example, in a 1 0 Mbps network, a 
total of 28 pins arc required to provide these interconnections. As has been before 
mentioned these additional pins can significantly increase the cost of each device and 
therefore significantly increase the overall cost of the network. In addition, as has also 
been previously mentioned, as higher speed networks such as 100Mbps are introduced, the 
pin count problem increases dramatically. 

Accordingly, in the present invention a multiplexer interface is utilized with a 
plurality of serial interfaces to reduce the overall pin count of the devices. The multiplexer 
accomplishes this by operating at a data rate that is a multiple of the data rate of the serial 
interfaces. 

To more particularly describe the operation of a system and method in accordance 
with the present invention, refer now to following discussion in conjunction with the 
accompanying figures. Referring now to Figure 3 what is shown are the multiplexer 
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interface signals between a MAC 14 and PHY 16 in accordance with the present invention. 
The multiplexer interface of the preferred embodiment uses a total of 7 pins (CLOCK, 
TXDATA, TXEN, COL, CRS, RXDATA, and RXDATA VALID) for every four GPS1 
connections (normally 28 pins in the prior art). There is also a reset pin for allowing for 
the receipt and transmission of data. 

The description of the pins is given below: 

CLOCK: This is an input from the system. Both TXDATA and RXDATA 
arc synchronous to CLOCK. 

TXDATA: This is a multiplexed output from the MAC to the PHY and consists 
of 1 0 Mbps NRZ data to be transmitted onto the network. 

TXEN: This is a multiplexed output from the MAC to the PHY and is a 

control signal that when valid indicates that the data on the TXDATA lines is valid data to 
be transmitted onto the network. 

COL: This is a multiplexed input from the PHY to the MAC that indicates that 
the PHY has detected a collision on the medium. 

CRS: This is a multiplexed input from the PHY to the MAC that indicates that 
the PHY has detected transmit or receive activity on the medium. 

RXDATA: This is a multiplexed input from the PHY to the MAC that provides 
10 Mbps NRZ data received from the network. It is synchronous with RXCLK: 

RXDATA VALID: This is a multiplexed input from the PHY to the MAC that is 
a control signal indicating that data on the RXDATA lines is valid. 

Referring now to Figure 4 what is shown is a block diagram of the multiplexer 
interface 200 in accordance with the present invention. The multiplexer interface 200 
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includes a multiplexer 202 which receives and multiplexes signals from a plurality of GPSIs 
100. The multiplexer interface 200 also includes a pad member 204 which includes a 
predetermined number of pins for transferring the multiplexed signals. The multiplexer is 
controlled by a system clock which runs at a multiple of the data rate of the GPSIs. 

The multiplexer interface 200 utilizes a plurality of elasticity buffers (an elasticity 
buffer 206 per network interface) coupled to the multiplexer 202 in order to rate match the 
frequency of the incoming received data to the rate of the synchronous CLOCK signal. 
Data is clocked into the elasticity FIFO 202 at the network rate and clocked out to the 
MAC at the CLOCK rate. 

In a preferred embodiment, the multiplexer interface 200 time division multiplexes 
(TDM) multiple independent sets of signals (in this case 4 sets of 7) onto a single pad that 
includes a predetermined number of pins, in this case, seven pins. This is accomplished by 
operating the multiplexer interface at a multiple times the original data rate. 

Also in a preferred embodiment the multiplexer interface 200 runs at 40 MHz and 
all data transfers on RXDATA and TXDATA are synchronous with the single 40MHz 
CLOCK signal. TXEN is used in the same manner as before. Since data on RXDATA is 
synchronous with a continuously running clock there is an additional RXDATA VALID 
signal that is used to determine when data on the RXDATA bus is valid. 

Figure 5 shows the signal timing for multiplexed interface of Figures 3 and 4. In 
this embodiment, the multiplexer interface divides the 40MHz clock into four separate 
clock phases or slots. Each phase of a 40MHz clock accounts for a single slot for each of 
the four channels. Each of the four GPSI channels uses one of the four slots or phases to 
transmit and receive data and indicate COL and CRS. The transmit data for the first 
channel 0 are sent on the first phase of CLOCK, the transmit data for the second phase arc 
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sent on the second phase of CLOCK, etc., as shown. The phases of the clock signal arc 
referenced to the reset signal being active. 

On the phase of CLOCK in which transmit data for channel 2 is being sent, data, 
COL and CRS is received for channel 0. Successive clock edges increment the channel 
slot number in repetitive fashion. The channel order is from 0 to I to 2 to 3. All signal 
pins are synchronous to CLOCK. 

Accordingly, a multiplexer interface in accordance with the present invention 
provides the advantages of: 

-Significantly reducing the pin count (in this case from 28 pins to 7 pins). In the 
general case, a number of sets of GPSI interfaces can be multiplexed onto a single 
interface by operating at a higher clock rate. For example, to multiplex 4 GPSI interfaces, 
requires a 40MHz multiplexer interface, to multiplex 8 GPSI interfaces will require an 
80MHz interface. 

-It synchronizes the input data stream (network timing) with the system clock. 

Although the system and method has been described in accordance with the 
embodiments shown, one of ordinary skill in the art will readily recognize that there could 
be variations to the embodiments and those variations would be within the spirit and scope 
of the above described system and method. For example, although the GPSI interfaces are 
described as the serial interfaces, other serial interfaces such as, for example, the IEEE 
802.3 Mil Media Independent Interface (Mil) could be utilized and their use would be 
within the spirit and scope of the present invention. In another example, although the data 
rate of the multiplexer interface is four times the data rate of the serial interface as 
disclosed in the application the data rate can be any multiple of the data rate of the serial 
interface and that use would be within the spirit and scope of the present invention. 
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Finally, it should be understood that although the disclosed multiplexer interface utilizes 
seven pins, the number of pins is not the critical feature; the critical feature being that 
number of pins in the multiplexer interface is a subset of the total pins of the general 
purpose serial interfaces. Accordingly, many modifications may be made by one of 
ordinary skill in the art without departing from the spirit and scope of the appended claims. 
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CLAIMS 

1 . A system for reducing a pin count between a plurality of media access 
controller (MAC) and physical (PHY) devices within a switching element the switching 
element including a plurality of general serial interfaces for providing connections between 
respective MAC and PHY devices, each of the plurality of serial interfaces operating at a 
first data rate, the system comprising: 

a multiplexer coupled to the plurality of serial interfaces; and 
a pad member including a plurality of pins; the pad member coupled to the 
multiplexer for receiving multiplexed signals from the plurality of serial interfaces; the 
multiplexer operating at a second data rate that is a multiple of the first data rate. 

2. The system of claim 1 in which the plurality of serial interfaces comprise a 
plurality of general purpose serial interfaces (GPSls). 

3. The system of claim 1 in which the multiplexer is controlled by a system 

clock. 



4 . The system of claim 3 in which the serial interface is controlled by a clock 
signal provided by the PHY device that is synchronized to the system clock. 



5. The system of claim 4 in which the system includes a plurality of elasticity 
buffers coupled to the multiplexer for synchronizing the system. 



6. A method for reducing a pin count between a plurality of media access 
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controller (MAC) and physical (PHY) devices within a switching element, the switching 
element including a plurality of general serial interfaces for providing connections between 
respective MAC and PHY devices, each of the plurality of serial interfaces operating at a 
first data rate, the method comprising the steps of: 

(a) providing a multiplexer coupled to the plurality of serial interfaces; 

and 

(b) providing a pad member including a plurality of pins; the pad 
member coupled to the multiplexer for receiving multiplexed signals from the plurality of 
serial interfaces; the multiplexer operating at a second data rate that is a multiple of the 
first data rate. 



7. The method of claim 6 in which the plurality of serial interfaces comprise a 
plurality of general purpose serial interfaces (GPSls). 

8. The method of claim 6 in which the multiplexer is controlled by a system 

clock. 

9. The method of claim 8 in which the serial interface is controlled by a clock 
signal provided by the PHY device that is synchronized to the system clock. 

1 0. The method of claim 9 in which the system includes a plurality of elasticity 
buffers coupled to the multiplexer for synchronizing the system. 
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